We examined associations of demographic/biological, psychological, social, and environmental variables with two different measures (self-reported and accelerometer) of physical activity (PA) in Mexican-American (56 boys; 64 girls) and European-American (49 boys; 45 girls) children (mean age = 12.1 years). Among 32 potential correlates, 4 gender and 16 ethnic differences were found. Percent of variance explained from 3% to 24% for self-reported PA and from 7% to 16% for accelerometer-measured PA. Physical self-perception was the only variable with a significant association across all subgroups and both measures. Less favorable levels of psychosocial variables among Mexican-Americans may explain ethnic differences in PA.
for subgroup-specific analyses (25) have largely gone unheeded. A clear understanding of factors that influence less active subgroups of adolescents could help improve the design of intervention programs at home, school, and community levels.
The primary purpose of this study was to assess a wide range of psychological, social, and environmental correlates of adolescent physical activity in a biethnic sample. There is an age-related decline in physical activity (14) , and few studies (23) have demonstrated similar correlates in various age and gender groups. When correlates are similar across groups, then differences in levels of those correlates need to be documented to help explain group differences in physical activity and provide hypotheses for intervention design. The secondary purpose of the study was to examine gender and ethnic differences in potential correlates. Because environmental variables are expected to be important correlates of physical activity but have been studied rarely (16) , the present study included more environmental variables than previous studies.
Method Participants
Participants were 120 Mexican-American (56 boys, 64 girls) and 94 EuropeanAmerican children (49 boys, 45 girls). They were members of the San Diego Study of Children's Activity and Nutrition (SCAN) cohort, recruited from low-to-middle income families when the children were 4 years of age. Families, operationally defined as at least one adult and one 4-year-old child sharing a household, were recruited from 63 state-funded preschools, Head Start centers, and children's centers. The study has been described in detail previously (11, 13, 21) . Data for the current study were obtained during two measurement periods approximately 6 months apart, when the children were 11.6 years (SD, 0.6) and 12.2 years (SD, 0.6). All 214 children completed a Health Behavior Survey that included selfreports of physical activity, and 151 of them completed Caltrac accelerometer measurements.
Assessment of Physical Activity
Vigorous physical activity was measured by self-report (7-day Physical Activity Recall, PAR) and overall physical activity was measured by accelerometer (Caltrac). The PAR was administered on two occasions about 6 months apart by assessors who had completed a rigorous training program shown to produce interviewers with high levels of agreement (7) . A supervisor maintained the quality of interviews by reviewing audio tapes on a regular basis and providing feedback via a checklist. The PAR has been validated for use with adults, adolescents, and children (9) , and its validity for use with preteens has been supported by both heart rate monitoring (17) and direct observation (29) . Participants reported minutes in moderate, hard, and very hard intensity activities over the past 7 days. For this study, a vigorous intensity category was created by totaling reported "hard" and "very hard" activities. Vigorous intensity activity was used because it is reported with more validity (17) . A mean score of the 2 weeks' measures was used in analyses.
Participants also wore an accelerometer (Caltrac) for up to 8 days (2 days x 4 scheduled home visits), which typically differed from those days on which they self-reported activity. The Caltrac is an electronic motion sensor about the size and weight of a pocket calculator and records motion in the vertical plane (Muscle Dynamic Fitness Network, Torrance, CA). It has received empirical support as an objective physical activity measure with youth (12) , been validated by heart rate monitoring in the field and oxygen consumption in the laboratory (18) , and been demonstrated to have high inter-instrument reliability (r = 0.97). The accelerometer was programmed to provide a read-out of raw activity counts by entering standardized data for each subject: sex = male; age = 99; height = 8 inches; weight = 82 pounds. Data were analyzed as total counts recorded divided by number of hours the instrument was worn (i.e., counts per hour).
Assessors visited participants in their homes and modeled how to wear the accelerometer, which was inside a locked pouch on an elastic belt. The children were instructed to wear the pouches snuggly around their waists during all waking hours, except when bathing or swimming. After 2 days, assessors returned to unlock pouches and record values.
Assessment of Physical Activity Correlates
Based mainly on Bandura's Social Cognitive Theory (1), SCAN investigators developed a health behavior survey to assess beliefs and behaviors related to nutrition and physical activity. Questions to assess the psychological, social, and environmental variables related to physical activity were developed based on items and scales from SPARK (15), CATCH (6) and other studies. The interviewer-administered survey assessed 5 psychological, 10 social, and 14 environmental variables. Two-week test-retest reliabilities in a pilot study ranged from 0.48 to 0.88. Table 1 lists variables found significant in at least one analytic model by category and provides sample items, reports internal consistencies (Cronbach's alpha), and indicates the source of the items. Data for all variables are available from the second author.
Participants' skinfolds were measured at age 11.9 years using Lange calipers, and a summary measure from 5 locations (triceps, subscapular, medial calf, abdominal, iliac crest) was calculated. Assessors were trained using the methods of Lohman (10) . Readings were made from each site until a measurement difference of one millimeter or less was obtained. The mean value was recorded to the nearest 0.5 mm.
Statistical Analysis
The two measures of physical activity were not significantly correlated, and are treated as separate variables. All analyses were performed using SPSS, version 9.0. The sample was divided into two gender and two ethnic (European-American, Mexican-American) subgroups and data were analyzed separately for each group. A two-way ANOVA assessed gender and ethnicity differences among the potential physical activity correlates. As the study was exploratory, no experiment-wide adjustment to reduce Type I errors was made.
Two sets of bivariate correlations assessed each explanatory variable for male, female, European-American, and Mexican-American subgroups. The first set used the PAR data and the second set used Caltrac data. Variables that correlated significantly (p < .05) with physical activity for a subgroup were entered into hierarchical multiple regressions. 
Social variables
Modeling by teachers (6) In the regression models, demographic/biological variables of age, gender, skinfolds and previous injury were entered as the first block of the regression. Unlike the other blocks, these variables were entered regardless of evidence of bivariate association. This procedure ensured that variance explained by succeeding blocks of variables was in addition to demographic factors. Driven by social cognitive theory (1), blocks of psychological, social, and environmental variables were then entered in respective order. Most interventions focus on individual children, so the psychological block was entered second (23) . Social variables were entered third, since some interventions emphasize change in families. Environmental variables were entered last to allow for the approximation of the effects of adding environmental interventions to the other approaches.
Results
Only the main results are presented. Complete data, including descriptive statistics and p values (gender and ethnic effects) for physical activity and correlate variables, are available from the second author.
Gender Differences in Physical Activity
Gender by ethnicity interactions were not significant, so only main effects are reported. Consistent with numerous studies, gender was significant for both the PAR, F (1, 210) = 14.26, p = .001 and Caltrac, F (1, 147) = 9.12, p =.003. Boys reported more vigorous hours on the PAR (M = 5.94, SD = 6.09) than girls (M = 3.22, SD = 3.97) and had higher accelerometer counts/hour (boys, M = 30.24, SD = 22.70; girls, M = 22.70, SD = 12.22).
Ethnic Differences in Physical Activity
Main effects for ethnicity were significant on the PAR, F (1, 210) = 6.81, p = . 
Subgroup Differences in Physical Activity Correlates
Four gender and 16 ethnic differences were found among the 32 hypothesized correlates of physical activity. There were no gender by ethnicity interactions, so only main effects are reported.
Demographic/biological variables. Mexican-Americans had significantly larger sums of skinfolds (19% difference; p = .011), and European-American children reported more previous injuries during sport/play (p = .026).
Psychological variables. Girls reported lower physical self-perception (p = .001) and enjoyment of physical activity (p = .023) than boys. Mexican-Americans reported enjoying physical activity less (p = .007), had less self-efficacy (p = .002), and found it more difficult to overcome barriers (p = .015) than did EuropeanAmericans.
Social variables.
No significant gender differences were found, but Mexican-Americans reported more parental indoor (p = .001) and outdoor rules (p = .001) and receiving more support from teachers (p = .003).
Environmental variables. Boys reported more opportunities to play outdoors (p = .035) and to join sport teams (p = .009). European-Americans reported having more equipment at home (p = .001) and more convenient facilities within 5 minutes of their residence (p = .001) than Mexican-Americans. European-Americans perceived their neighborhoods to be safer (p = .039) and reported more opportunities to play outside (p = .001) and be active in a safe place (p = .001). European-Americans had fewer neighborhood sidewalks (p = .007) and hills (p = .045), but saw more exercisers in their neighborhoods than Mexican-Americans (p = .002).
Explaining Physical Activity
Preliminary analyses of bivariate correlations identified 27 significant correlations across all four subgroups with the PAR, but only 11 significant correlations with the Caltrac accelerometer. Of the correlates studied, only physical self-perception was significantly associated across all four subgroups for both PAR and Caltrac. Significant correlates were entered into multiple regression models.
Results of the hierarchical multiple regressions are shown in Tables 2 and 3  for the PAR and Tables 4 and 5 for the Caltrac. Regression models explained more variance in physical activity on the PAR (3-24%) than the Caltrac (7-16%). The Mexican-American regression model was the only one significant for both dependent measures, explaining 11% of the variance on Caltrac and 8% on the PAR. Other significant models were for boys on the Caltrac (16% of variance) and girls (9% of variance) and European-Americans (24% of variance) on the PAR.
7-day physical activity recall. The demographic block was a significant contributor and explained nearly 8% of the variance in European-Americans' and Mexican-Americans' self-reported physical activity. Skinfolds for European-Americans and gender (girls lower) for Mexican-Americans were the sole significant contributors, with partial r's of -.29 and -.25, respectively. The psychological block was significant for European-Americans (7% of the variance), but not for the other three subgroups, explaining less than 3%. The social block was significant only for girls (3% of the variance) and the environmental block was significant only for European-Americans (7% of the variance). Transportation was the lone significant contributor for the environmental block for girls, while neighborhood dogs unattended (inverse) was significant for European-Americans.
Caltrac accelerometer. Demographic variables were not a significant contributor to any model (less than 5% of the variance) for Caltrac data. The block of psychological variables was significant for boys and Mexican-Americans, explaining between 5% and 12% of the variance. Barriers for boys and physical selfperception for Mexican-Americans contributed significantly to their models, with partial r's between .24 and .28. The block of social variables was not significant for girls, Mexican-Americans, and European-Americans. The social block explained 7% of the variance in boys' physical activity, with modeling by teachers and number of outdoor activity rules (inverse) acting as contributors. The block of environmental variables was not significant in any of the four models and explained less than 1% of the variance. indicates the proportion of variance attributable to the blocks of variables.
*p < .05; **p < .01; ns = non-significant. indicates the proportion of variance attributable to the blocks of variables.
*p < .05; **p < .01; ns = non-significant. indicates the proportion of variance attributable to the blocks of variables *p < .05; **p < .01; ns = non-significant.
Discussion
This study assessed the ability of demographic/biological, psychological, social, and environmental variables to explain physical activity in gender-and ethnicitydefined subgroups of a cohort of adolescents. Subgroup-specific analyses are needed to help inform the tailoring of interventions (25) . The study assessed two different aspects of physical activity (general, via accelerometer; vigorous, via the PAR). Participants reported spending considerable time in vigorous physical activity on the PAR. Boys reported nearly 6 vigorous hours per week and girls reported slightly more than 3. This appears to be a large amount of vigorous activity, and caution should be used to interpret the findings because self-reports frequently generate higher estimates than objective measures (24) . Similar to other studies (14) , boys were more active than girls. Boys were 25% more active on Caltrac counts/hour and reported about 100% more vigorous physical activity than girls.
Mexican-Americans were only 65% as vigorously active as European-Americans on the PAR and 85% as active using Caltrac data. These results indicate that ethnic differences in physical activity that were observed in this cohort when they were preschoolers (11) have continued into early adolescence.
Although there were few gender differences in physical activity correlates, those differences indicated girls were at a disadvantage relative to boys. Girls had lower physical self-perception, enjoyed physical activity less, and perceived fewer opportunities to join sport teams and to play outside. These psychological and environmental variables may help explain some of the gender differences in physical activity. Efforts to provide equitable assistance, opportunities, and promotion of physical activity to girls may reduce this gap.
Numerous ethnic differences were documented, and virtually all indicated Mexican-Americans were relatively disadvantaged, compared to European-Americans. Total skinfold thickness was 19% greater in Mexican-Americans. Among psychological variables, Mexican-Americans reported lower physical self-perception, less enjoyment of physical activity, and more activity barriers.
Mexican-Americans reported having more indoor and outdoor activity rules than European-Americans. They also reported access to fewer facilities and less neighborhood safety, but more support from teachers. Perhaps low-income Mexican-American families are disadvantaged in their ability to provide a safe environment rich in resources that can facilitate physical activity. The psychological, social, and environmental differences between ethnic groups may help to clarify some of the inter-group differences in youth physical activity. Mexican-American children in this sample were shown to be deficient in many variables thought to be important for physical activity, so this group is in need of targeted interventions to help them overcome these disadvantages.
Regression models built separately for sex and ethnicity reduces the participant to variable ratio, but not to unacceptable degree. Thus, based on the results of the analysis of variance we tested the models separately for each group. The explanatory powers of the regression models were very different between self-report and objective measures. The regression models with the self-report measure generally explained more variance in physical activity than regressions with the objective accelerometer measure. This pattern of findings is consistent with other studies (5,26) .
The larger amount of variance explained in the self-report measure may be attributed to several factors. First, the dependent measures assessed different aspects of physical activity and were not significantly correlated. Perhaps proposed correlates have more explanatory power for vigorous physical activity (measured by PAR) than total physical activity (measured by accelerometer), because respondents may think about vigorous activities when they answer some survey items. Second, shared method variance between self-reported measures of physical activity and its correlates may inflate observed associations (5). Third, inability of accelerometer to assess common activities, such as bicycle riding, and noncompliance with wearing the monitor could introduce error and reduce associations.
In general, demographic variables explained little of the variance in adolescent physical activity. However, there were numerous associations with psychological variables. Physical self-perception was significantly correlated with physical activity for all four subgroups on both self-report and objective measures. This is in agreement with the recent review (22) that found perceived physical competence to be one of the most consistent correlates. In the present study, girls were significantly lower in physical self-perception than boys. Harter (8) viewed perceived competence as an important mediator of the child's intrinsic motivation. A child intrinsically motivated should have a greater sense of competence to complete physical tasks. Thus, it should be useful for interventions to assist girls to master multiple physical activities.
Interestingly, the block of psychological variables was not significant for either boys or girls on the PAR, but was significant for both on the Caltrac outcome, explaining nearly 12% of the variance for boys and 5% for girls. Enjoyment of physical activity and barriers were contributors to four of the eight models. The results of the current study further support the notion that enhancing enjoyment of physical activity should be considered a goal for physical education and leisure time activity programs.
Although social support has been deemed one of the most important correlates of youth physical activity (25, 28) , a recent review found none of the nine most frequently studied social variables consistently related to children's physical activity (22) . However, four social variables were consistently related to physical activity in adolescence (22) . Of the ten social variables examined in the study, five were significantly related to the PAR and two to the Caltrac. These variables contributed significantly to four of the eight regression models. Interestingly, social variables made no contributions to regressions for the Mexican-American subgroup.
There is substantial recent interest in the effects of the environment on physical activity (16, 19, 20) . In this study, environmental variables had little or no association with physical activity, although there were several significant bivariate correlations. This is similar to a national study of children in the same age range (23) . Although the block was not significant, opportunity to join sport teams did contribute to the regression for Mexican-Americans on both dependent measures. Opportunity to join sport teams contributed for girls in the PAR model, but girls reported significantly less opportunity to join teams than boys. Additional efforts may be needed to provide more support and assistance to girls so there is more equity in opportunity for girls and boys to join sport teams. Entering the environmental block into the regression analyses earlier in the sequence would probably have identified a stronger impact of the environment on physical activity.
There are several limitations of the present study. The sample was not representative, so generalizability of the results may be limited. Both dependent measures have substantial measurement error. The ability of 12-year-olds to recall physical activity is limited, and the Caltrac did not provide information on specific intensities of activities. The internal consistencies of some of the independent measures on the questionnaire were moderate. Additionally, the study was considered exploratory, and no adjustments were imposed to reduce Type I errors.
The strengths of the study include two different measures of physical activity, a reasonable sample size, a biethnic sample, exploration of several new potential correlates, and subgroup specific analyses. The study contributes to the literature on gender and ethnic differences, as well as associations related to youth physical activity. The strongly related modifiable correlates that were identified for specific subgroups may be of assistance to interventionists in their attempts to develop appropriate age-, gender-, and ethnic-targeted school and community program. Additional information and study, however, is needed before an intervention can be appropriately tailored to modify the physical activity of adolescents within a specific environment.
